A novel filamentous bacterial strain, T , was isolated from soil from a hot-spring pond in
The genus Planosporangium was proposed by Wiese et al. (2008) . Members of this genus typically exhibit both finger-shaped sporangia and globose spores formed directly on the substrate hyphae (Wiese et al., 2008; Cao et al., 2011) . This genus is well defined according to its morphological and chemotaxonomic properties (Wiese et al., 2008) as well as 16S rRNA gene-based phylogenetic analyses (Zhi et al., 2009) . At the time of writing, the genus Planosporangium contains two species with validly published names, Planosporangium flavigriseum (Wiese et al., 2008) and Planosporangium mesophilum (Cao et al., 2011) .
During an investigation of novel actinomycetes from extreme environments in southern Thailand, we isolated strain HSS8-18 T , which showed morphological and chemotaxonomic characteristics typical of the genus Planosporangium, but was genotypically and phenotypically distinct from both recognized Planosporangium species. Here, we describe the polyphasic characterization of strain HSS8-18 T .
Strain T was isolated from a soil sample collected from a hot-spring pond in Krabi province, Thailand. The soil sample was air-dried at room temperature for 7 days. The dried soil sample (1 g) was treated with 0.05 % (w/v) SDS in distilled water (9 ml) for 30 min and then serially diluted in sterile distilled water as recommended by Thawai et al. (2005) . The strain was isolated on humic acid-salts vitamin (HV) agar (Hayakawa & Nonomura, 1987) supplemented with 25 mg nalidixic acid l 21 and 50 mg terbinafin l 21 . The pure culture was preserved in 10 % glycerol at 280 u C and by freeze-drying.
Morphological characteristics of strain HSS8-18
T grown on HV agar were observed by light and scanning electron microscopy (model JSM-5410 LV; JEOL). Samples for scanning electron microscopy were prepared as described previously (Itoh et al., 1989) . Phenotypic characteristics were examined by using several standard methods. Cultural characteristics were tested using 14 day cultures grown at 40 u C on various International Streptomyces Project (ISP) media (Shirling & Gottlieb, 1966) . The ISCC-NBS Color Charts standard sample no. 2106 (Kelly, 1964) was used for determining colour designations. Hydrolysis of various compounds and acid production from carbon sources were examined using the basal medium recommended by Gordon et al. (1974) . Temperature tolerance was determined on ISP2 for 14 days. Tests of pH and NaCl tolerance were determined on ISP2 at 40 u C for 14 days. Gelatin liquefaction, peptonization and coagulation of milk, nitrate reduction and starch hydrolysis were determined through cultivation on various media as described by Arai (1975) and Williams & Cross (1971) . Cell motility was observed by light microscopy and was confirmed by the presence of turbidity throughout tubes containing semi-solid medium (Leifson, 1960) .
Freeze-dried cells for chemotaxonomic analyses were obtained from cultures grown in ISP2 broth on a rotary shaker (200 r.p.m.) at 40 u C for 4 days. Cell-wall peptidoglycan was prepared and hydrolysed as described by Kawamoto et al. (1981) , and the amino acid composition was analysed with an automatic amino acid analyser. The isomer of diaminopimelic acid in the cell wall was determined by the method of Staneck & Roberts (1974) . The acyl group of muramic acid in the peptidoglycan was determined by the method of Uchida & Aida (1984) . Whole-cell hydrolysate sugars were analysed by the cellulose TLC method of Komagata & Suzuki (1987) . Phospholipids in cells were extracted and analysed by the method of Minnikin et al. (1984) . Fatty acid methyl ester analysis was performed by GLC according to the instructions of the Microbial Identification System (MIDI) Sherlock version 6.0 (Sasser, 1990; Kämpfer & Kroppenstedt, 1996) with the RTSBA6 MIDI database. Isoprenoid quinones were extracted by the method of Collins et al. (1977) and were analysed by HPLC equipped with a Cosmosil 5C 18 column (4.66150 mm; Nacalai Tesque). The elution solvent was a mixture of methanol and 2-propanol (2 : 1, v/v).
Genomic DNA was isolated from cells grown in ISP2 broth according to the method of Tamaoka (1994) . The G+C content of the DNA was determined using the HPLC method of Tamaoka & Komagata (1984) . An equimolar mixture of nucleotides for analysis of the DNA base composition (Yamasa Shoyu) was used as a quantitative standard. DNA-DNA hybridization was conducted in microdilution-well plates, as reported by Ezaki et al. (1989) . DNA-DNA relatedness was determined by using the colorimetric method (Verlander, 1992) . The 16S rRNA gene was amplified by colony PCR using primers 20F and 1540R as described previously (Nakajima et al., 1999) and the PCR products were sequenced by First Base (Seri Kembangan, Malaysia) using universal primers (Lane, 1991) . The 16S rRNA gene sequence was aligned with selected sequences obtained from the GenBank/EMBL/ DDBJ databases by using CLUSTAL W version 1.81 (Thompson et al., 1994) . The alignment was verified and adjusted manually prior to the reconstruction of a phylogenetic tree. The phylogenetic tree was reconstructed by using the neighbour-joining method (Saitou & Nei, 1987) with genetic distances computed by using Kimura's two-parameter model (Kimura, 1980) and by the maximum-parsimony (Fitch, 1971) and maximum-likelihood (Felsenstein, 1981) methods in the MEGA 5 software (Tamura et al., 2011) . Confidence values of branches of the phylogenetic tree were determined using bootstrap analyses (Felsenstein, 1985) based on 1000 resamplings. The values for sequence similarity to type strains of recognized Planosporangium species were first determined using the EzTaxon-e database (Kim et al., 2012) . 16S rRNA gene sequence similarities between strain HSS8-18 T and members of closely related species were calculated manually after pairwise alignments obtained using the CLUSTAL_X program (Thompson et al., 1997) .
Strain HSS8-18
T grew well and produced reddish-brown soluble pigment on yeast extract-malt extract agar (ISP2) and oatmeal agar (ISP3). The strain formed welldeveloped, branched substrate mycelium on these media but did not form aerial mycelium, except on ISP2, modified soil extract agar and HV agar. The colour of the substrate mycelium was strong orange-yellow to reddish brown. The pale yellowish-white aerial mycelium developed first at the edges of colonies after 7 weeks of cultivation. The strain grew poorly on inorganic saltsstarch agar (ISP4) and nutrient agar. No growth was observed on Czapek's sucrose agar or peptone iron agar (ISP6). Strain HSS8-18 T formed finger-shaped sporangia (1-2 mm) which emerged directly from the substrate hyphae. The sporangium surface was smooth. Sporangiospores were motile. Non-motile globose bodies were also observed at the tip of sporophores of the substrate mycelium (Fig. S1 , available in IJSEM Online).
T exhibited chemotaxonomic properties that were consistent with its classification in the genus Planosporangium (Wiese et al., 2008) . The strain contained glutamic acid, glycine, alanine and meso-diaminopimelic acid in the cell wall. The acyl type of the cell wall in the peptidoglycan was determined to be glycolyl. Whole-cell sugars detected were arabinose, glucose and xylose. The polar lipid profile comprised phosphatidylethanolamine, hydroxyl phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannosides, an unidentified phosphoglycolipid, an unidentified phospholipid and three unidentified polar lipids (Fig. S2 ). Significant cellular fatty acids were anteiso-C 17 : 0 (37.3 %), iso-C 16 : 0 (25.1 %), iso-C 15 : 0 (7.6 %), iso-C 17 : 0 (6.7 %), anteiso-C 15 : 0 (5.0 %), C 18 : 0 (3.1 %), C 17 : 0 (1.5 %), iso-C 18 : 0 (1.1 %) and C 16 : 0 (1.0 %) ( Table S1 ). The menaquinones of strain HSS8-18 T were MK-10(H 2 ) (59.8 %), MK-9(H 4 ) (27.7 %) and MK-10(H 4 ) (12.5 %). The G+C content of the DNA was 72.0 mol%.
An almost-complete 16S rRNA gene sequence (1415 nt) was obtained for strain T and was compared with those deposited in the public databases. The highest levels of 16S rRNA gene sequence similarity were with P. flavigriseum YIM 46034 T (98.3 %) and P. mesophilum YIM 48875 T (98.0 %). Phylogenetic analysis of strain HSS8-18 T based on the neighbour-joining method showed that the strain formed a distinct phyletic line related to recognized Planosporangium species and other members of the family Micromonosporaceae (Fig. 1) . The differential phenotypic characteristics shown in Table 1 indicate that strain T is clearly distinct from both recognized Planosporangium species on the basis of acid production from cellobiose, D-glucose, raffinose, D-rhamnose, Dsalicin, L-arabinose, inositol and mannitol, production of a soluble pigment, maximum NaCl tolerance and growth at pH 5 and at 45 u C. DNA-DNA relatedness values between strain HSS8-18 T and the type strains of the two recognized Planosporangium species ranged from 11.9 to 28.7 % (Table  S2) , which is well below the 70 % cut-off point recommended for the assignment of bacterial strains to the same genomic species (Wayne et al., 1987) . Furthermore, we found that strain T contained arabinose and xylose in whole-cell hydrolysates. The same composition of whole-cell sugars was found in P. flavigriseum JCM 16008 T , while P. mesophilum KCTC 19779 T (Cao et al., 2011) presented galactose, mannose and ribose in wholecell hydrolysates. On the other hand, the composition of phospholipids of strain T was different from those of P. flavigriseum JCM 16008
T (Wiese et al., 2008) and P. mesophilum KCTC 19779 T (Cao et al., 2011) in the presence of hydroxyl phosphatidylethanolamine, phosphatidylglycerol and phosphatidylinositol. It is evident from Fig. 1 . Neighbour-joining tree (Saitou & Nei, 1987) based on almost-complete 16S rRNA gene sequences (1415 nt) showing relationships among strain HSS8-18 T , the type strains of Planosporangium species with validly published names and representatives of the family Micromonosporaceae. Streptomyces ambofaciens NBRC 12836
T was used as an outgroup.
Asterisks (*) indicate branches of the tree that were also found using the maximum-parsimony and maximum-likelihood trees; hashes ( # ) indicate clades that were also found in the maximum-likelihood tree and crosses (¾) indicate clades that were also found in the maximum-parsimony tree. Numbers on branches indicate percentage bootstrap support from 1000 replicates; only values .50 % are indicated. Bar, 0.01 substitutions per nucleotide position. Growth at 45 u C + 2 2 Growth at pH 5 + + 2 Acid production from:
the phenotypic, chemotaxonomic and genotypic data presented above that strain HSS8-18 T is distinguishable from previously described Planosporangium species. Therefore, strain T represents a novel species of the genus Planosporangium, for which we propose the name Planosporangium thailandense sp. nov.
Description of Planosporangium thailandense sp. nov.
Planosporangium thailandense (thai.lan.den9se. N.L. neut. adj. thailandense pertaining to Thailand, the origin of the soil from which the type strain was isolated).
Mesophilic actinomycete that forms finger-shaped sporangia which emerge directly from the substrate hyphae. Colonies are strong orange-yellow to reddish brown on ISP2 and ISP3 media. Each smooth sporangium contains motile spores. Globose bodies and pale yellowish-white aerial mycelium are observed on ISP2, modified soil extract agar and HV agar after 7 weeks of cultivation. A reddishbrown soluble pigment is produced in ISP2 and ISP3. Acid is produced from D-galactose, cellobiose, D-fructose, D-ribose, D-xylose, inositol, lactose, L-arabinose and L-rhamnose but not from D-glucose, D-mannitol, raffinose, glycerol or salicin. Peptonization and coagulation of milk, hydrolysis of starch, nitrate reduction and gelatin liquefaction are negative. Optimal temperature for growth is 40 u C; no growth occurs above 45 u C. The maximum NaCl concentration for growth is 2 % (w/v). Cell-wall peptidoglycan contains glutamic acid, glycine, alanine and mesodiaminopimelic acid. The acyl type of the cell wall is the glycolyl type. The predominant menaquinones are MK-10(H 2 ), MK-9(H 4 ) and MK-10(H 4 ). The characteristic whole-cell sugars are arabinose, glucose and xylose. The phospholipid profile contains phosphatidylethanolamine, hydroxyl phosphatidylethanolamine, phosphatidylglycerol, diphosphatidylglycerol, phosphatidylinositol, phosphatidylinositol mannosides, an unidentified phosphoglycolipid, an unidentified phospholipid and three unidentified polar lipids, but not phosphatidylcholine. The fatty acid pattern of the type strain consists of anteiso-C 17 : 0 , iso-C 16 : 0 , iso-C 15 : 0 , iso-C 17 : 0 , anteiso-C 15 : 0 , C 18 : 0 , C 17 : 0 , iso-C 18 : 0 and C 16 : 0 . The DNA G+C content of the type strain is 72 mol%.
The type strain is strain HSS8-18 T (5BCC 41917 T 5JCM 17129 T ), which was isolated from soil collected from a hotspring pond in Krabi province, Thailand.
